The use of a qualitative scale for the Clock Drawing Test (CDT) may add information about the pattern of errors committed. Objective: To translate and adapt the Modified Qualitative Error Analysis of Rouleau into Brazilian Portuguese and to examine the pattern of errors according to educational level and cognitive profile. Method: 180 adults (47-82 years) completed the CDT. Participants were stratified into age and educational levels and separated between those with and without changes in cognitive screening tests (Mini-Mental State Examination, Verbal Fluency). Results: No significant differences were found in CDT scores among age groups. Among participants without cognitive impairment, those with lower education often presented graphic difficulties, conceptual deficits and spatial deficits. Participants with cognitive deficits, demonstrated more frequently conceptual and spatial errors. Conclusion: The qualitative analysis of the CDT may contribute to the identification of cognitive changes. Education level has to be taken into consideration during the analysis. 
The Mini-Mental State Examination (MMSE), the Verbal Fluency test (FV) and the Clock Drawing Test (CDT) are the cognitive screening tests most frequently used in the world 1, 2, 3, 4 . Studies suggest that a combination of brief cognitive tests can increase the diagnostic accuracy for detecting dementia, in particular Alzheimer's disease (AD), even among illiterate elderly 5 . The CDT is a screening test that is easy and fast to apply 6 . It evaluates visuospatial and visuoconstrutive functions, the ability to use symbolic and graphic representations, language, semantic memory and executive functions 7 . The score of the CDT can be obtained through various quantitative scales. The most frequently used scoring system was developed by Shulman 8 . However, other scales have also been found accurate for early dementia diagnosis 9, 10, 11, 12 . In this context, researchers and clinicians who use the CDT are faced with the issue of choosing the best way to analyze the drawings. In Brazil, Lourenço et al. 17 and Aprahamian et al. 5 found equivalence among the quantitative methods examined. Yet, quantitative scales do not allow the description of the error profile of the participant and they do not reveal specific cognitive changes. In Brazil, there are no studies examining the contribution of qualitative scales for the analysis of the CDT.
In 1992, Rouleau et al. 19 proposed the Qualitative Error Analysis of Rouleau. In this initial study, AD patients were compared to patients with Huntington's disease and normal controls. No differences were observed between diagnostic groups in the quantitative analysis, however, the qualitative analysis suggested that patients with AD showed conceptual errors, perseverations and stimulus-bound responses more often than patients with Huntington's disease and normal controls. Later studies reported that the Qualitative Error Analysis of Rouleau could help differentiate AD patients from those with vascular dementia (VD) 20 , frontotemporal dementia (FTD) 21 and healthy patients 22 . More recently, Parsey and Schmitter-Edgecombe 23 demonstrated the accuracy of the CDT to distinguish individuals with mild cognitive impairment (MCI) from AD patients and normal controls. The authors used the original Qualitative Error Analysis of Rouleau scale and a modified version proposed by the authors. In this new version, an error was added, namely Numbers out of order or missing, in the Conceptual deficit category (see in Appendix the modified scale with the error added by the authors). The results indicated that the modified scale was more sensitive for detecting individuals with MCI than the original scale. The authors suggested that the qualitative analysis of CDT errors can help increase the sensitivity for identifying MCI.
Considering the contribution of the CDT for the early identification of cognitive changes and the lack of Brazilian studies on qualitative strategies to analyze the CDT, the aim of the present study was to translate and adapt the Modified Qualitative Error Analysis of Rouleau (with the additional error proposed by Parsey and SchmitterEdgecombe) 23 scale to Brazilian Portuguese. Additionally, we aimed to examine the CDT error profile of cognitively unimpaired participants with different age and educational levels, in order to verify whether errors in the CDT could be related to age associated changes or to limited educational experience. Finally, we compared the CDT error profile of participants with and without cognitive impairment in screening tests (MMSE and/or VF) in order to identify errors in the CDT that could signal early pathological changes.
METHOD Participants
The study involved the retrospective review of the cognitive assessment protocol of 180 independent adults who completed cognitive screening tests one week before they began their participation in a memory workshop offered consecutively between 2007 and 2010, in the Third Age University program of the Universidade de São Paulo, East Campus. The sample was divided into three levels of schooling (1-4 years, 5-8 years, .8 years), three age groups (younger than 60 years, 60-74 years, 75 and over) and sex. Additionally, participants were divided between those who had scores above the education adjusted cut-off scores on the MMSE and animal category FV 24, 25 , (defined as normal controls -NC), and those with changes in both tests or in just one of them (defined as participants with cognitive decline -CD). The CDT was not used to classify the groups according to cognitive performance.
Materials and procedures
The cognitive assessment lasted about 30 minutes and it was performed individually in a silent room. All participants were informed about the research activities developed during the evaluations and the memory workshop and signed an informed consent form.
To determine cognitive impairment according to the MMSE, education adjusted cut-off scores were as follows: 17 points for illiterates, 22 for 1 to 4 years of schooling, 24 points for 5 to 8 years of schooling and 26 for 9 or more years of schooling. The cut-off score represented the means for each educational level reported in Brucki et al. 24 minus one standard deviation.
VF was applied at its usual format, when the participant is asked to say names of animals in one minute. The cut-off points were as follows: nine animals for illiterate participants, 12 animals for those with 1 to 7 years of schooling and 13 animals for individuals with 8 or more years of education 25 . During the application of the CDT, participants were asked to make a circle, put the numbers of the clock inside the circle and indicate 11 hours and 10 minutes with the pointers. The drawings were analyzed quantitatively by the scales of Shulman 8 23 , it includes 16 possible errors. The maximum possible score is 16 due to the fact that in item 1, errors in clock size -large or small -are mutually exclusive. In item 4 -Conceptual Deficits -the new error that refers to numbers out of order or missing was included. According to the previous authors, this type of error is common among older adults with early cognitive decline. To calculate the score in the modified scale the number of errors in the drawing is subtracted from 16. The higher the score the lower the number of errors made.
In Appendix A, we observe that the Modified Qualitative Error Analysis of Rouleau assesses six aspects of the construction of the clock, including: the size of the drawing, graphic difficulties related to changes in visuoconstructive functions, the individual's ability to inhibit response to distracting stimuli, conceptual deficits that may occur due to loss of semantic memory, visuospatial abilities and/or planning deficits and perseveration of responses.
A bilingual researcher (MSY) translated the scale into Brazilian Portuguese. The translated version of the scoring system was discussed and adjusted by a group of students and researchers who investigate cognitive aging (the scale in Brazilian Portuguese is available upon request from the corresponding author). After these adjustments, 20 CDTs were evaluated according to the qualitative scale by two independent raters, trained to use the scale. Disagreements were found to be less than 10% of the scored errors and they were resolved through discussion. Next, one of the authors (ATF) analyzed the remaining protocols. The CDT protocols were also scored according to Shulman and Sunderland scales.
Statistical analysis
The Kolmogorov-Smirnov test was used to assess if the variables presented normal distribution. The Student t-test for independent samples was used to compare NC and CD group means for age and VF, as they presented with normal distribution. The U Mann-Whitney test was used to compare the groups for education, income, MMSE, CDT Shulman, CDT, Sunderland CDT, and Rouleau CDT which did not have normal distribution. For the analyses that involved categorical variables, such as sex, the Chi square test was used. The Kruskal Wallis test was used to compare the three age groups and educational levels. When differences were identified between age groups and education, the means were compared using the Tukey post hoc test.
To calculate the degree of association between sociodemographic and cognitive variables, Spearman correlations were calculated. SPSS version 17.0 was used in the analyses. The level of significance was set at 5%, i.e. p,0.05.
RESULTS
The demographic characteristics for the total sample and for the sample divided between NC and CD can be found in Table 1 . In addition to impaired cognitive performance in at least one test, CD participants were less educated and had lower income than NC.
Statistical comparisons revealed no significant differences in cognitive performance between the age groups and sex for the total sample. Significant differences were found when the sample was stratified into three levels of schooling, including only participants without cognitive deficits in the MMSE and/or VF (n=141) ( Table 2 ). The results indicated that the least educated groups had comparable performance for the MMSE and VF, and they were different from the group with higher education. For the Shulman CDT, the least educated group was different from the others. For the Sunderland and Rouleau CDT scores, there was a significant difference between the group with the lowest and the highest levels of education. Scores for the Rouleau CDT were analyzed with the NC group divided into three educational groups (Table 3) . There were significant differences in mild graphic difficulties, incorrect representation of the clock, deficit in the display of numbers and arrangement of numbers in a counterclockwise direction. Participants with 1-4 years of schooling made more errors than those with 5 to 8 years who, in turn, made more errors than individuals who studied more than 8 years.
The misrepresentation of the clock and counterclockwise number display occurred exclusively among those in the least educated group. Mild graphic difficulties occurred in all groups. Those with 1 to 4 years of study displayed numbers incorrectly more often than people with 8 years or more. Participants in the second level of schooling did not commit this error. Neglect of the left hemi-space of the clock was not observed in any level of schooling.
NC and CD groups were compared in the six error categories of the Rouleau CDT scale (Table 4 ). There was a significant difference for misrepresentation of the time on the clock, numbers out of order or missing and deficits in planning, with greater frequency of these errors in the CD group. Table 5 shows the correlations between the CDT scores, assessed by the three scales, with age, education, income, MMSE and VF. Results showed a significant association between the three CDT scores and sociodemographic variables (except for age) and between CDT scores and other screening tests. Results suggested similar relationships for the three CDT scoring systems. 
DISCUSSION
In this study, we aimed to describe the performance profile and pattern of errors in the CDT analyzed with a qualitative scoring system among independent participants. Participants were divided into three age and education groups and between those with and without impairment in cognitive screening tests (MMSE and VF). Additionally, qualitative CDT scores were compared to scores on two quantitative scales.
There were no significant differences in cognitive scores between the different age groups. Previous Brazilian studies 26, 27, 28 indicated that older participants tend to have worse performance on cognitive tasks. For instance, Kochhann et al. 29 studied 963 women aged between 20 and 92 years, in order to assess the independent effect and interactions between age, gender and education on the MMSE and noted that education and age influenced the MMSE scores. It is possible that in the present study no significant age differences were found due to the limited variability in the distribution of age. The sample contained a small number of people over 75 years.
Participants with lower education exhibited performance below education-adjusted cut-off points in the MMSE and VF more frequently. It is possible that the cut-off scores proposed thus far in Brazil are not suitable for all regions of Sao Paulo, which is a huge metropolitan area with heterogeneous sociocultural and economical characteristics. The study was carried out in the Eastern region of Sao Paulo where income and education levels are lower. Alternatively, it is plausible that there is a higher proportion of people with cognitive impairment among the less educated, as suggested by previous epidemiological studies 30, 31 . Significant differences were found for the quantitative and qualitative CDT scores between schooling levels. CDT evaluates complex mental functions, such as the symbolic and graphic representation of a clock, auditory language, semantic memory and executive functions 7 . It is expected that these skills are modulated by educational experience, as suggested by Aprahamian et al. 18 and Lourenço et al. 17 . Correlation analyses also suggested a significant relationship between education and income on CDT performance, however, the reported correlations were of modest magnitude.
The qualitative analysis of the CDT enabled a more detailed description of the errors, which is not feasible in the quantitative scoring systems. The most commonly observed CDT errors among participants without cognitive impairment with lower education were: errors in number display, numbers in counterclockwise direction (spatial/ planning deficit) and incorrect representation of the clock (conceptual deficit). Participants with less education seemed to have more difficulties with respect to the meaning, interpretation and knowledge of the clock itself. Mild graphic difficulties were also more frequent in this group.
The CDT errors identified in the subgroup of participants with cognitive impairment in the MMSE and/or VF were similar to those found in the group with MCI in the study by Parsey and Schmitter-Edgecombe 23 . Conceptual deficits (misrepresentation of time and numbers out of order or missing) and spatial/planning deficits were the most frequently observed errors in the CD group. In the study by Parsey and Schmitter-Edgecombe 23 , the typical error profile for the elderly with MCI was moderate graphic difficulties and conceptual deficits (misrepresentation of time and numbers out of order or missing). Therefore, the present study and the one cited above are in agreement that errors in the representation of time and numbers out of order or missing may be a sign of early cognitive decline.
Conceptual deficits, such as numbers out of order or missing, seem to be particularly informative to identify MCI 23 , and these errors may not be evident in quantitative CDT scales. In addition, knowledge of the typical errors of individuals with limited schooling, such as spatial/planning deficits, reported in the present study, may help clinicians to differentiate them from disease associated errors.
Despite the fact that the CDT has been frequently used as a screening tool for the identification of dementia, it has been less used to identify individuals with MCI. Qualitative CDT analysis may possibly contribute to the identification of these cases, as it enables the description of specific errors. An important limitation of the present study is that cognitive impairment was based on screening tests. Another limitation is the fact that the study protocol did not include a complete clinical characterization of participants. Future studies should explore the contribution of the qualitative analysis of CDT in samples with various diseases associated with cognitive changes.
APPENDIX -MODIFIED QUALITATIVE ERROR ANALYSIS OF ROULEAU

POINTS POSSIBLE, *INDICATES ADDED ERROR SIZE OF THE CLOCK
(1) Small (less than 1.5 inches in diameter) OR (1) Large (more than 5 inches in diameter)
GRAPHIC DIFFICULTIES
Lines imprecise resulting in distortions of the clock face or resulting in numbers that are difficult to read.
Hands not straight or fail to connect in the middle Overall performance appears inaccurate or clumsy (1) Mild: some distortions of the clock face and/or the hands and/or the numbers. Overall performance was adequate.
(2) Moderate: distortions evident, but the overall performance remained interpretable.
(3) Severe: distortions evident and severe, possibly resulting in a non-interpretable drawing.
STIMULUS-BOUND RESPONSES (NOTE: PREVIOUS STUDIES REQUIRED DIFFERENT TIMES TO BE DISPLAYED IN THE CLOCK)
The tendency for the drawing to be dominated or guided by a single stimulus (1) Time is written (in letters/numbers) beside the 1or between the 4 and the 5
(1) Hands are pointed toward 4 or 5, or hands are absent
CONCEPTUAL DEFICITS
Errors reflect a loss/deficit in accessing the knowledge of the attributes, features, and meaning of a clock 
